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Abstract—Methyl (2R,3S)-3-(4-methoxyphenyl) glycidate, a key intermediate of diltiazem, was synthesized in good yield with high
enantioselectivity based on chiral oxazaborolidine-mediated Mukaiyama aldol reaction of p-anisaldehyde with a,a-dichloro silyl
ketene acetal (up to 96% ee), followed by reduction and cyclization. © 2001 Elsevier Science Ltd. All rights reserved.

Diltiazem (1), a typical calcium antagonist, has been
used throughout the world as a remedy for angina and
hypertension.1 Among the four possible stereoisomers
of diltiazem, only the (+)-(2S,3S)-isomer exhibits po-
tent coronary vasodilating activity. Therefore, diltiazem
has been developed and marketed as a single isomer.
For the synthesis of diltiazem, many processes have
been extensively investigated, and at present diltiazem is
mainly manufactured by the route using the optically
active trans methyl glycidate (−)-2 as a key intermedi-
ate (Fig. 1). Although a large number of synthetic
approaches for the enantioselective synthesis of (−)-2
have been reported,2 for reasons involving enantiomeric
purity and overall efficiency, more efficient methodol-

ogy is needed. Recently, enzymatic preparation of (−)-2
has been utilized in industrial production as an eco-
nomical method.3 However, there is a general drawback
to the optical resolution in that the maximum yield of
one enantiomer cannot exceed 50%, and, therefore a
route to the asymmetric synthesis of (−)-2 has been the
focus of great attention. We report herein a novel
asymmetric synthesis of (−)-2 based on asymmetric
Mukaiyama aldol reaction.4

For the introduction of the C-3 stereocenter of (−)-2,
we envisioned the use of chiral Lewis acid-promoted
Mukaiyama aldol reaction of p-anisaldehyde (3) with
a,a-dichloro ketene silyl acetal 4.5 Generally, higher
enantioselectivities are observed in the reactions with
a,a-disubstituted ketene silyl acetals than in the reac-
tions with an a-unsubstituted one in the asymmetric
Mukaiyama aldol reaction.6 Moreover, we expected
that the reaction of 4 might proceed with high enan-
tioselectivity, because high electronegativity and moder-
ate bulkiness of the dichloro moiety could control its
reactivity. Transformation of the resulting aldol
product 8 to the trans-glycidate (−)-2 has already been
reported.7

Figure 1.

Scheme 1.
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Table 1. Enantioselective Mukaiyama aldol reaction of p-anisaldehyde (3) with ketene silyl acetal 4 catalyzed by 7a–da

Catalyst (mol%)Run 8

Yield (%)b ee (%)c

1 837a (100) 96 (>99)d

897b (100) 932
7c (100)3 83 89

304 887d (100)
887b (20) 775

a Reactions were carried out with 3 (1.0 mmol) and 4 (1.5 mmol).
b Isolated yield after silica gel column chromatography.
c Determined by chiral HPLC (Chiralcel OJ, n-hexane:i-PrOH=70:30, 230 nm, 0.6 ml/min, 35°C). The absolute configuration was determined as

(S) by the retention time of HPLC (Ref. 2d).
d The ee value after single recrystallization from n-hexane–ether.

We began the present study by preparing the ketene
silyl acetal 4. As a practical method, we found that 4
was easily obtained from inexpensive starting materials:
methyl trichloroacetate (5), zinc powder and TMSCl
(Scheme 1).8,9 To a suspension of 5 (17.7 g, 100 mmol)
and activated zinc powder (9.8 g, 150 mmol) in THF
(100 ml) was added dropwise TMSCl (15.2 ml, 120
mmol) at such a rate to promote gentle refluxing.
Stirring was continued at ambient temperature for 30
min, then the reaction mixture was diluted with n-hex-
ane and filtrated to remove the zinc salt. After evapora-
tion of the solvent, the residue was distilled under
reduced pressure (bp 64–65°C, 2 mmHg) to give 4 in
85% yield with no concomitant formation of a-silyl
ester isomer 6.

Next, we turned our attention to the asymmetric
Mukaiyama aldol reaction. Several chiral Lewis acids,
which are known to be excellent catalysts for the aldol
reaction with chlorine-free ketene silyl acetals, were
evaluated for their usefulness in the reaction of 3 with
4. Among these catalysts, Kiyooka’s chiral oxazaboro-
lidine catalyst 7a,10 which was easily prepared by the
sulfonamide obtained from D-valine with a BH3·THF
complex in CH2Cl2, has been shown to be capable of

serving as an effective catalyst for the reaction (Table 1,
Run 1).11

To a solution of 7a (1.0 mmol) in CH2Cl2 (10 ml) were
added successively 3 (1.0 mmol) in CH2Cl2 (1 ml) and 4
(1.5 mmol) in CH2Cl2 (1 ml) at −78°C, and the mixture
was stirred at the same temperature for 7 h. The
reaction mixture was quenched with saturated aqueous
NaHCO3 and extracted with AcOEt. After evaporation
of the solvent, the resulting mixture was dissolved in
THF (10 ml) and 1N aqueous HCl (2 ml) was added at
room temperature. The reaction mixture was stirred for
30 min and extracted with AcOEt. After evaporation of
the solvent, the residual crude product was purified by
silica gel column chromatography to give the aldol
product 8 as the desired (S) enantiomer in 83% yield
and 96% ee (>99% ee after single recrystallization).

Although this reaction required a stoichiometric
amount of catalyst, the greater part of it was readily
recovered. Thus, acidification of the aqueous layer,
followed by extraction with AcOEt, led to the recovery
of the sulfonamide in 97% yield. While catalysts 7b and
7c, bearing an electron-withdrawing group in the aryl-
sulfonyl moiety, also promoted the reaction in good

Scheme 2.
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yields and with high enantioselectivities (Runs 2 and 3),
the reaction using 7d, bearing an electron-donating
group, brought about a significant decrease of reactivity
with similar enantioselectivity (Run 4). These differ-
ences in reactivity might be attributed to the Lewis
acidity of the oxazaborolidine due to the substitution
pattern of the sulfonamides. We also found that the
reaction with a substoichiometric amount of 7b (20
mol%) proceeded in 88% yield, but a somewhat lower
enantiomeric excess of 77% was observed (Run 5).
Although a clear mechanistic picture of the reaction has
yet to emerge,12 the stereochemical outcome of the
reaction using 7 can be explained by Corey’s model.13

Aldol product 8 thus obtained was easily converted to
(−)-2 according to the reported procedure.7 Thus, 8
(>99% ee) was reduced to monochlorohydrin 9 on
treatment with Zn in AcOH, which was treated with
NaOMe in MeOH to give (−)-2 (>99% ee) in 80% yield
(Scheme 2).14

In summary, we have achieved a novel asymmetric
synthesis of (−)-2, a key intermediate of diltiazem,
based on chiral oxazaborolidine-promoted Mukaiyama
aldol reaction of p-anisaldehyde (3) with a,a-dichloro
ketene silyl acetal 4 (up to 96% ee), followed by reduc-
tion and cyclization. An efficient preparation of 4 from
inexpensive starting materials has also been developed.
Chiral trans glycidates and a,a-dichloro-b-hydroxy-
esters are useful as versatile chiral building blocks for
the synthesis of other pharmaceuticals and biologically
active natural products.15 Application of the present
study to the synthesis of other useful chiral compounds
is now being carried out.
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